In this issue of Molecular Cell, Bandyra et al. (2012) describe how a bacterial sRNA can lead to degradation of an mRNA by pairing within the coding region of the mRNA; the 5 0 monophosphate end of the sRNA activates RNase E, leading to rapid cleavage of the paired mRNA.
Cells respond to stress and new environments by precisely and rapidly altering the abundance of specific mRNAs, leading to changes in protein synthesis. Fifty years of research on repressors and activators of transcription initiation have provided an understanding of the complex regulation of mRNA synthesis. Regulation of mRNA stability can be equally important, but how can mRNA stability be regulated? Over the last 15 years, small noncoding RNAs (sRNAs in bacteria and microRNAs in eukaryotes) have been recognized as playing a central role in regulating mRNA stability by pairing with specific target mRNAs and then presenting them to the degradation machinery. In Escherichia coli and Salmonella enterica serovar Typhimurium, the regulated turnover of mRNAs upon pairing to sRNAs is primarily initiated by RNase E, an essential single-strand-specific endoribonuclease. In this issue of Molecular Cell, Bandyra et al. (Bandyra et al., 2012) describe how an sRNA can activate RNase E to carry out directed cleavage of an mRNA within the coding region, a new pathway for modulating the fate of the mRNA via pairing between sRNA and mRNA.
In E. coli and S. enterica, sRNAs typically bind to an RNA chaperone called Hfq that facilitates pairing of the sRNA to near-complementary sequences in a target mRNA (reviewed in Vogel and Luisi, 2011) . In many cases, pairing of the sRNA has been shown to result in negative regulation of gene expression. Pairing of the sRNA is frequently close to or upstream of the ribosome-binding site; this results in a block to ribosome entry and translation ( Figure 1A) . Degradation of the message can then take place, secondary to translational inhibition.
RNase E cleaves internally in RNAs (reviewed in Carpousis, 2007) , but how efficiently it cleaves depends upon the status of the 5 0 end of the mRNA. Its endoribonuclease activity is stimulated by RNAs that have an accessible 5 0 monophosphate. The crystal structure of the catalytic domain of RNase E identified a pocket that can accommodate the 5 0 monophosphate; Callaghan et al. propose that binding of the terminal 5 0 monophosphate from the RNA causes structural rearrangements in RNase E that reorient the RNA substrate, allowing better scission (Callaghan et al., 2005) .
This requirement for activation of RNase E by a 5 0 monophosphate has been puzzling in terms of the in vivo activities of this enzyme. Most bacterial mRNAs are synthesized with a 5 0 triphosphate, but their degradation is frequently initiated by RNase E cleavage; where, then, does the activating 5 0 monophosphate come from? One answer came from the discovery of RppH, a member of the Nudix protein family; RppH can catalyze the removal of the 5 0 pyrophosphate of mRNAs, leaving a 5 0 monophosphate. Consistent with removal of the terminal pyrophosphate being the ratelimiting step in RNA decay, deletion of rppH has been shown to significantly stabilize many mRNAs (but not all RNase E substrates) in vivo (Deana et al., 2008) . However, mRNAs with single-stranded regions and no 5 0 monophosphate have been reported to be efficiently degraded by RNase E through what has been called a ''direct entry'' pathway (Kime et al., 2010) . The majority of sRNAs act by blocking ribosome entry and might activate degradation by such a direct-entry pathway ( Figure 1A ), obviating the need for a 5 0 monophosphate. The work by Bandyra et al. (Bandyra et al., 2012) demonstrates that the 5 0 monophosphate need not be on the RNA that is being cleaved, but instead can be provided by a trans-acting sRNA. The system studied by Bandyra et al. is regulation of degradation of ompD mRNA by the sRNA MicC. The first 12 ribonucleotides of MicC pair with a region of the ompD mRNA more than 60 bp downstream of the start codon. Previous work demonstrated that pairing of MicC to the ompD mRNA did not cause translational inhibition, but instead resulted in stimulated cleavage of the ompD mRNA by RNase E (Pfeiffer et al., 2009 ). Bandyra et al. now show, using in vitro studies with purified components, that cleavage of the mRNA is activated by a 5 0 monophosphate provided by the sRNA. Thus, pairing, by bringing the sRNA 5 0 end in proximity to the mRNA, can directly activate cleavage. Moreover, pairing of the sRNA with the target mRNA ensures that the cleavage site in the ompD mRNA is properly seated in the active site of RNase E to allow for nucleophilic attack of the RNA backbone ( Figure 1B) . The mRNA was cleaved much faster by RNase E than the sRNA, suggesting that, in vivo, the mRNA may be cleaved first. After this cleavage, the sRNA may disassociate from the mRNA and go on to pair and induce cleavage of another ompD transcript before the sRNA is cleaved by RNase E ( Figure 1B) . While most sRNAs are degraded as they are used, a catalytic role for a sRNA was first seen with the ChiX sRNA, which promotes the turnover of the chiPQ mRNA without itself actually being efficiently turned over (FigueroaBossi et al., 2009) . Do these in vitro observations also hold in vivo? In support of this model, Bandyra et al. (Bandyra et al., 2012) found that a significant fraction of the MicC sRNAs in the cell had a 5 0 monophosphate and that there was a significant enrichment of MicC sRNAs that were monophosphorylated among those that were coimmunoprecipitated with Hfq. How MicC ends up with a monophosphate at the 5 0 end is not known; RppH does not seem to be involved.
The study by Bandyra et al. (Bandyra et al., 2012) This work raises some broader questions. Why has RNase E evolved to require activation by a 5 0 monophosphate? Does this requirement help to limit nonspecific RNA degradation, tying activation to situations where translation fails, for instance, or has it evolved specifically in the context of regulated degradation by sRNAs? Is activation of a nuclease by an sRNA a strategy that will be found not only in other bacteria but in eukaryotic systems as well? We look forward to the answers to these questions. 0 -monophosphorylated sRNA pairs with the target mRNA; binding of the sRNA 5 0 monophophate to RNase E stimulates cleavage of the mRNA by RNase E. The sRNA subsequently disassociates and is able to pair with an additional target mRNA before being degraded.
